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INTRODUCTION
Historical
The stable fly, Stomoxys calcitrans. was described 
in 175>8 by Linnaeus, who placed it in the genus Con op a*
It was re-classified in 1771 hy Geoffrey, who placed it 
in the genus Stomoxys# In addition to its common name of 
•*stable fly*1, this insect is also called the 1*dog 
fly**, the **wild fly**, or the **biting house fly** in 
various parts of the country.
Distribution and Abundance 
This fly occurs in all parts of the United States 
and throughout most of the world* In the United States 
it appears to be most abundant '*in the Central States 
from Texas to Canada, where grain is grown extensively'1 
(Bishopp, 1913b). It is also very abundant in the Gulf 
States, where warm weather is a suitable environment for 
almost continuous year-round breeding*
Economic Importance 
The stable fly is an insect of considerable economic 
importance, attacking not only man, but horses, cows, 
mules, hogs, dogs, cats, sheep, goats, guinea pigs, rats, 
and rabbits. It has been suspected of being the vector 
of the etiological organisms of infantile paralysis (Rose** 
nau, 1912), anthrax (Mitzmain, 19lij-), leprosy (Honeij and
(1)
(2)
Parker, 1912), surra (Kelser, 1927)» and swamp fever (Scott, 
1920)* However, proof of these relationships is lacking.
According to Metcalf and Flint (19$1), **-the stable 
fly, mosquitoes, or other bloodsucking insects may be 
carriers of (the causal organisms of) a disease of horses 
and mules known as equine encephalomyelitis, which causes 
the animals to be weak, drowsy, and unable to stay on 
their feet. This disease caused a loss of $  11,000,000 in 
western Kansas, alone, in 1912, and caused the death of 
33,000 horses and mules in 1 9 3 7*'*
Even if the possibility of its being a vector of path­
ogenic organisms is dismissed as not having been proved, 
the stable fly remains an insect of economic importance, 
since economic losses are not measured solely in terms of 
animal deaths directly attributable to disease. Often 
these losses occur in the form of lowered meat or milk 
production, damaged hides, or animals which have a general 
1'unthrifty11 appearance caused by a physical loss of 
blood due to the activities of bloodsucking insects. This 
loss of blood can reach such proportions in a severe out­
break of such an insect pest that animals may die as a 
result of the severe anemia thus induced. If, in addition 
to being very numerous, the insect inflicts a bite which is 
very painful, it may result that animals become unmanageable 
and, in bolting, overturn wagons and otherwise damage equip­
ment. At times, the driver of such animals may risk bodily
(3)
injury.
The stable fly is often very abundant locally, and, 
with its piercing mouthparts, is a vicious, painful biter. 
Although it will attack any exposed portion of an animal's 
body, it generally bites in the leg region* It sometimes 
enters houses, especially in stormy weather, and bites 
people about the ankles. It Is also encountered on bath­
ing beaches and around swimming pools, and, when very 
abundant, can make life in such places unbearable; people 
take cover or leave*
Haeussler (lp$2) points out that losses to livestock 
due to the combined activities of horse flies, stable flies, 
and deer flies in the years 19 4^-0—I4J4- reached an annual aver­
age of,#1 0 0,0 0 0*00 0, and he further states that this figure 
was considered conservative at the time it was made; later 
increases in the values of livestock and livestock products 
have made the losses even more alarming*
Appearance and Life Cycle 
The stable fly is a small muscoid fly, and resembles 
the house fly in many respects. It is somewhat smaller 
than the latter, and differs from it in the presence of 
mouthparts which are modified into the piercing type. The 
stable fly is about l/It-'1 long, and generally gray in color* 
with seven rounded black spots arranged in the shape of a 
figure 8 on the dorsal aspect of the abdomen* The Re wing
c u
cell Is open more than half its width*
/
The mouth parts and Internal anatomy of Stomoxys cal- 
citrans have been completely described and figured by Han­
sen (1903), Tulloch (I9 0 5), and Brain (1912, 1913;)* The 
proboscis, which is about twice as long as the head, pro­
jects forward from under the head, much like a bayonet*
The proximal segment, the rostrum, is a stout structure 
and bears at its distal end a long, slender haustellum 
which has a superficial resemblance to the calf of a 
human leg. The exterior portion of the haustellum is 
formed by the rolled labium, and It encloses two stylets* 
The dorsal of these is the labrum-epipharynx, which is 
rolled, and forms, by interlocking with the hypopharynx 
lying ventral to It, a hollow food channel* The hypo­
pharynx is also a rolled structure, and the tube formed 
by it comprises the salivary duct, The labellum, rather 
than being a large, fleshy lobe as In the house fly, is 
a small, reduced, bifid structure which bears ten sharp 
prestomal teeth*
As mentioned above, the proboscis is normally held 
in a horizontal position. When the fly alights on a host 
preparatory to biting, its proboscis swings downward and 
backward until the prestomal teeth engage the surface of 
the host’s skin. A painful puncture ensues as the insect 
inserts its proboscis. Feeding is a rather rapid process, 
usually requiring less than a minute. The engorged in-
(5)
sect then leaves the host and becomes considerably less 
active than an insect seeking food. It is during this 
period of relative inactivity that the processes of di­
gestion occur. According to Metcalf and Flint (1951)# 
a single stable fly feeds several times a day, taking 
a drop or two of blood each time.
These flies are active only during the day, and they 
react positively to the stimulus of light. Both the male 
and the female are bloodsuckers. As the name 11 stable 
fly1' indicates, they commonly frequent stables, as well 
as open fields in which livestock are confined.
The egg of the stable fly is about l/25*! in length, 
is elongate with rounded ends, and is white-to-cream in 
color. Each female deposits a total of five to six hun­
dred eggs in four or five batches# Oviposition usually 
occurs in moist, decaying organic material such as damp 
hay or straw stacks, or manure, especially if it is mixed 
with straw. The egg usually hatches about two days after 
having been deposited, although it may hatch as soon as 
one day or as late as four days. Temperature appears to 
be the chief environmental factor controlling the length 
of the egg stage, and is inversely related to it.
The larva is typically peg-shaped, and about 20 mm. 
in length when full-grown. When it first hatches from 
the egg, it is very difficult to see with the naked eye, 
being only about 2 mm* in length, and translucent. When
(61
plentiful food is available, rapid growth ensues, and under 
optimum environmental conditions, the larval stage may be 
completed in as few as nine days, but in very cold weather 
it may last considerably more than a month*
The pupa is about 6 mm. in length. When the puparium 
is first formed, it is tawny in color, but it darkens as it 
ages, becoming first bright reddish-brown, and finally deep 
chestnut by the time the adult emerges. The pupal stage 
lasts from 5 to 13 days, depending upon temperature*
In northern climates the insects usually overwinter in 
the larval and pupal stages. In the South, adult flies are 
present during warm periods throughout the winter, and 
breeding is continuous.
(7)
METHODS
Feeding
The procedure for rearing the insects used in all 
enzyme tests has already been published (Champlain, Fisk 
and Dowdy, 1954)*
All blood used for feeding the flies was bovine and 
contained 250 ml. of 5 pe^ cent sodium citrate per gallon 
to prevent coagulation.
Early experiments indicated that the flies fed most 
readily when they were from 2 to 5 days old. In practise, 
unless otherwise stated, flies were allowed to emerge in a 
holding cage provided with a plastic dish containing a wad 
of cotton saturated with 5 Per cent sucrose solution, which 
served as food. The containers bearing the puparia from 
which the flies had emerged, as well as unemerged flies, 
were removed from the cages 2Ip hours after the cage was set 
up. Each day the wad of cotton was replenished with su­
crose solution. About 18—2lp hours before a blood meal was 
scheduled (on the fourth day),, the sucrose was withdrawn, 
and the flies were deprived of both food and water for 
this interval. Boxes of plexiglass plastic, measuring 
Ij. l/211 x I4. l/8,! x l 11 and used for packing sandwiches 
in lunches, were found to be most practical for feeding 
blood, since they were shallow, they provided a relative­
ly large area for feeding, and they were provided with
(8)
tight-fitting covers, A layer of cotton about l/ij.*1 thick 
was placed in the bottom of each box, and enough citrated 
bovine blood was poured over the cotton to saturate it.
The cover was placed on the box to prevent getting blood on 
the sleeve of the holding cage when the box was placed in­
side. The feeding box was put in position with one of the 
long sides in contact with the wire screen side of the hold­
ing cage., and the cover removed.
At first, the feeding dishes were introduced into the 
holding cages as soon as the blood had been poured over the 
cotton. The flies did not alight and feed to any extent, 
probably reacting negatively to the low temperature of the 
blood, which was kept in the refrigerator. In later tests, 
before its introduction into the holding cage, the feeding 
box was placed in a pan of warm water until the blood became 
tepid to the fingertips. When this was done, the surface 
of the blood-soaked cotton would be covered with feeding 
flies within a half-minute or less.
The flies were allowed to feed to repletion, at which 
time they walked up the side of the feeding box and up the 
screen side of the holding cage. Most of the flies fed 
within the first few minutes (5 or less) after the feeding 
box was introduced. At the end of the desired feeding 
period, a small piece of cotton saturated in chloroform was 
placed in the feeding dish, the cover was put on tightly, 
and the dish and contents were removed from the cage. The
(9)
chloroform killed any flies remaining in the dish, thus 
preventing their escape when the dish was washed.
As the flies left the feeding dish and crawled up the 
wire screen side of the cage, they were sucked up in an 
aspirator. When the desired number of flies had been accum­
ulated in the collecting bottle of the aspirator, they were 
released in a holding cage, in which they were held during 
the process of digestion*
The flies were allowed to digest the blood meal for a 
period of Ij. hours, unless otherwise stated, at which time 
they were immobilized by a 10-minute exposure to -15° C. 
temperature in the deep-freezer, following which they were 
decapitated and then dissected.
Dissection
For dissections, it was found that the use of a hanging 
drop slide, the back of which had been given a coat of black 
model airplane ’’dope'*, provided optimum conditions for 
working on the mostly translucent internal structures of 
the fly. Two pairs of No. ij. DuMont jeweler’s forceps were 
used to separate the thorax from the abdomen; dissecting 
needles and Hagedorn needles were used in teasing operations. 
For severing desired portions of the gut, very small cut­
icle scissors were used. The points of these scissors were 
ground as fine as possible on a fine oilstone, this pro­
cedure being carried on under a binocular microscope.
(10)
Rapid dissections were achieved in the following 
manner: the fly was grasped by the left wing and was laid
on its right side in a drop or two of saline which had 
been placed in the depression of the slide. The thorax 
was then grasped by the forceps in the left hand, while
the forceps held by the right hand were placed in the
constriction of the body at the junction of the thorax 
and abdomen. The abdomen was then pulled free from the 
thorax, and the portion of the gut lying in the thorax
was carried along. The severed abdomen was transferred
to a drop of saline placed in a small frosted-glass mortar* 
The abdominal cuticle was ripped apart, usually along the 
midline of the dorsum, exposing the abdominal viscera. 
Extraneous structures were teased free from the gut, and 
then the desired portion of the gut was obtained by mak­
ing cuts with the cuticle scissors at the appropriate 
places. Since most of the analyses involved the raidgut, 
cuts were made just posterior to the proventricuius and 
anterior to the Malpighian tubules when this portion of 
the gut was desired. Undesired structures were then 
removed.
Next, the guts were ground thoroughly, using a glass 
stirring rod, the end of which had been abraded to form a 
grinding surface. Enough saline to represent about half of 
the desired final volume of brei was added to the macerated 
guts in the mortar. After mixing, the liquid was poured
(11)
into a small graduated glass cylinder. The mortal was then 
rinsed with two portions of saline, each representing about 
one-quarter of the desired final volume of the brei, and 
these rinses were added to the contents of the graduated 
cylinder. Pinal volume was realized by the addition of 
an appropriate volume of saline*
If the breis were not used at once for tests, they 
were transferred immediately to the deep-freezer operating 
at -15° C. Prior to use they were thawed and separated 
into aliquots of the desired volume*
Pipetting Device 
The apparatus pictured in Figure 1 was constructed 
in order to facilitate measurement and transfer of small 
quantities of liquids. It consisted of a ring stand, to 
which three burette clamps were attached. One of the two 
lower clamps held a syringe. The other lower clamp
held a cork, which contained a 1-ml. TB-type syringe in­
serted in a hole in the cork. Use of the cork was necessary 
because the small diameter of the syringe barrel did not 
permit a firm grasp by the jaws of the clamp. The upper 
clamp was used to hold the pipette. Since pipettes of 
various sizes were used, several corks were drilled with 
holes of various appropriate diameters, and the pipettes 
were inserted into the holes (Figure 2).
The hose connecting the syringe and the pipette was
(12)
5/l6** O.D. rubber tubing* It was necessary to place a 
3/8* 1 length of 3/16" O.D* rubber tubing over the tip of 
the syringe as a bushing before the larger tubing would re- 
main in place and be reasonably air-tight. The plungers 
of both syringes were given a light coating of silicone 
stopcock grease in order to produce a better alr-seal.
The 1 ml. TB syringe was used in measuring quantities 
not exceeding 0*5 ml., while the 5 ml. syringe was used 
for quantities up to 2.5 ml* Before the tip of the pipette 
was introduced Into the liquid which was to be measured, 
the plunger of the syringe was aspirated to a point so 
that the air in the syringe represented approximately 20 
per cent of the volume to be measured. The tip of the 
pipette was then immersed in the liquid, and the plunger 
was further aspirated until the fluid rose to the desired 
level in the pipette. When the appropriate vessel was 
placed under the pipette, the plunger of the syringe was 
injected completely, the bubble of air insuring complete 
delivery of the contents of the pipette. The sole function 
of the syringe was to activate the system. All volumetric 
measurements were made with reference to the graduations 
on the pipette.
Changes of pipettes could be made very rapidly, as 
could changes of syringe. The device had another advan­
tage besides its accuracy and speed. Since the system 
was rather air-tight, the operator could work with both
(13)
Figure 2: Detail of upper burette clamp
(iia
hands for a few seconds after the material was drawn up 
into the pipette. This interval was sufficient time in 
which the operator could locate the desired tube, uncork 
it, and then hold it under the pipette prior to injecting 
the plunger.
This device proved to be especially useful where 
repetitive measurements of a given solution were made.
Water Bath
The water bath used throughout the experiments was a 
Blue M 1'Magni-Whirl'1 Model MW1110. The thermostat was 
adjusted so that it operated at J4.O0 C. t 0.25° C., this 
tolerance being stated in the manufacturer's specifications. 
During all runs a mercury thermometer, graduated in 0.1° C* 
units, was introduced and the temperature was checked per­
iodically.
Colorimeter
The instrument used was a Klett-Summerson Model 800-3 
Photoelectric Colorimeter. It was supplied with several 
filters, but the I4J4.O millimicron blue filter and the 6lj.O 
millimicron red filter were used most.
Before each set of readings was made, the instrument 
was adjusted to read zero when a Klett colorimeter tube 
containing $ ml. of distilled water was put in position.
(15)
Centrifuge
A Sorvall Angle Centrifuge holding ten 12-ml. centri­
fuge tubes was used* It was rheostatically controlled to 
operate at $$00 r.p.m., this speed being verified by means 
of a stroboscope*
Care of Glassware 
All glassware coming in contact with enzymatic or 
other proteinaceous material was scrubbed thoroughly, 
using a solution of Dreft detergent. After several rinses 
with tap water, it was completely immersed in concentrated 
nitric acid and was allowed to remain overnight. Following 
its removal from the acid, it was rinsed four times with 
tap water and then three times with distilled water. After 
most of the water had been removed by draining, the glass­
ware was dried by rinsing with 95 P®r cent ethyl alcohol 
and following this alcohol rinse with one of acetone. Com­
plete volatization of the acetone was insured by placing 
the glassware in a 100° C. oven for about two hours.
(16)
QUALITATIVE ENZYME TESTS AND RESULTS
Since a review of the literature on the stable fly did 
not disclose any previous work on its enzymes, qualitative 
tests were run in order to determine which enzymes were 
present. In these tests, the initial run was made using a 
brei composed of whole fly bodies. If a given test did not 
appear to be positive, further tests were not made on dis­
sected portions of the alimentary tract. On the other hand, 
if a positive test resulted, breis of separate portions of 
the digestive system were made up and tested so as to local­
ize the region of production of that enzyme.
According to Wigglesworth (19^0), amylases and in- 
vertases are sometimes secreted by cells in the salivary 
glands, but most of the enzymes are secreted by cells in 
the midgut. If tests on separate regions of the digestive 
system showed an enzyme to be absent in the salivary glands, 
but present in the midgut, it was inferred that it was pro­
duced in the midgut. If the enzyme was present in both 
regions, it was termed 1'salivary1 *, the inference being 
that if it were produced in the salivary glands, it would 
logically be found also in the gut, since the salivary 
fluids become mixed with the food when it is ingested.
No attempt was made to separate the sexes when enzyme 
runs were made. Further work may invalidate the assumption 
that the digestive mechanisms of the two sexes are approx­
imately equal.
(17)
Invertase
Twenty flies were fed to repletion on citrated bo­
vine blood and were allowed to digest this meal for four 
hours. They were killed by decapitation, and their bodies 
were placed in a small glass mortar containing 2 ml. of 
glycerine and a small quantity of clean sand. The bodies 
were ground into a brei, which was added to 10 ml. of 5 
per cent sucrose solution. Six ml. of this mixture were 
then withdrawn, placed in a separate test tube, and boiled 
for 5 minutes to serve as a blank. During this time, 1 ml. 
of 50 Per cent glycerine was added to 5 ml. of £ P©r cent 
sucrose solution in a third test tube as a control. After 
the blanks had been boiled, 1 ml. of the contents of each 
test tube (active, blank, and control) was withdrawn and 
placed in labelled Pyrex test tubes, each containing $ ml. 
of Benedict’s solution, and these mixtures were boiled 
for 5 minutes. During this interval, the tubes containing 
the remaining original mixtures were placed in the water 
bath at 1+0° C.
At the end of the five-minute boiling period, the 
tubes containing the Benedict's solution were examined 
for the presence of a precipitate, and the observations 
recorded. This test was replicated four times.
At the intervals shown in the following table, 1 ml. 
of the contents of each tube in the water bath was with­
drawn and given the Benedict's test described above.
(18)
Table 1
Results of Benedicts test for reducing sugars 
made on brei of whole stable flies
Hours after 
mixing
Active tubes Blanks Controls
1/12 Negative Negative Negative
1/2 Paint ppt. Negative Negative
1 Heavy red ppt. Negative Negative
The appearance of precipitates in the active tubes 
at the end of 1/2 and 1 hour, respectively, constituted 
a positive test for an inverting enzyme in the stable fly*
Experiments with various portions of the gut and 
associated structures began with the midgut. The procedure 
used was that which has just been described, with the ex­
ception that midguts, instead of whole bodies, were used.
At the end of 1/2 and 1 hour, positive tests were obtain­
ed in the case of the active tube, but not in the cases 
of the blank or the control. Prom these positive tests, 
obtained in ij. replicates, it was inferred that an inverting 
enzyme was present in the midgut.
The next region chosen for experimentation was the 
foregut, which is very short, and included the crop, its 
duct, and the proventriculus. Any subsequent use of the 
word ’tforegut*1 should imply inclusion of all these assoc­
iated structures, unless otherwise specified. Twenty fore­
guts were used in the test, replicated Ij. times, as des­
cribed above, and the Benedict test was employed. Samples 
were withdrawn from the tubes and were tested at half-
(19)
hourly intervals for six tests. All tests on all tubes 
gave negative results, implying the absence of an invert­
ing enzyme in the foregut.
The salivary glands remained to be tested. Since they 
are relatively small structures when compared to the fore­
gut or midgut, it was thought that a micro technique for 
the detection of reducing sugars would be advantageous. 
Reference has been made to the method of King (1914-7)* an<A 
reagents were prepared according to his directions.
Twenty salivary glands were dissected and placed in a 
drop of saline in the bottom of a frosted-glass mortar.
They were homogenized, using the abraded end of a glass 
stirring rod. Next, they were extracted with 1 ml. of dis­
tilled water, and the extract was divided into two 0.5 ml* 
portions, each of which was put in a separate micro test 
tube. To each of these tubes were added 0.5 ml. of 0.1 per 
cent sucrose solution. One of the tubes was then boiled 
for five minutes to serve as a blank. A third micro test 
tube was set up containing 0.5 ml. of distilled water and 
0.5 ml. of 0.1 per cent sucrose solution, this tube serving 
as a control. Before these tubes were incubated in the 
water bath at I4.O0 C. a layer of toluene was placed over the 
contents of each tube in order to retard bacterial activity. 
Immediately after mixing and at intervals given in Table 2, 
which follows, 0.1 ml. portions were withdrawn from each 
tube and were tested.
(2G)
The method described by King (lyltf), which was used 
for these tests, is a colorimetric micro-technique for the 
detection of reducing sugars. Two reagents are used. The 
first of these, the copper sulfate reagent, is composed of 
two solutions, A and B, equal parts of which must be mixed 
fresh each day. Solution A is 13 per cent CuS04 solution. 
Solution B is composed of sodium bicarbonate, anhydrous 
sodium carbonate, potassium oxalate, and sodium potassium 
tartrate. The second reagent is an arseno-molybdic acid 
mixture, composed of ammonium molybdate, concentrated HsS04, 
and sodium arsenate.
In running the tests, 0.1 ml. portions were withdrawn 
from each incubation tube and then transferred to numbered 
Klett-Summerson colorimeter tubes. Nine-tenths ml. of dis­
tilled water were then added to each colorimeter tube.
Next, 1 ml. of CuS04 reagent (equal parts of Solutions A 
and B mixed) was added to each tube. All tubes were then 
boiled for ten minutes, following which they were cooled 
for three minutes in cold water. Then 3 ml. of arseno- 
molybdic acid reagent were added to each tube. All tubes 
were then read on the Klett-Summerson Model 800-3 photo­
electric colorimeter, using the red (6i|.0 millimicron) fil­
ter. Averages of the readings obtained in four repli­
cations are given in the following table. In making these 
readings, the colorimeter was adjusted to read zero when 
the initial control tubes were put in place.
(21)
Table 2
Colorimeter readings obtained in 
King's test for reducing sugars 
performed on salivary glands
Hours Active ’ubes Blanks Controls
High Low Aver. High Low Aver. “High Low Aven
0 1 0 0.75 2 0 1 0 0 0
1 .5 11 9 10 8 6 7 13 13
1.0 29 23 26 2i+ 22 23 16 4 15
t . 5 35 29 31.5 27 25 26 22 18 20
6 .0 20 16 18 33 27 30 23 21 22
214- 3 0 0 .75 3 3 3 8 2 5
In King's test, the color in the colorimeter tube is 
developed by the addition of the arseno-molybdic acid re­
agent. The amount of color is determined by the amount of 
reducing monosaccharides present. These reducing mono­
saccharides reduce Cu++ to Cu+, the latter in turn form­
ing a colored complex ion with the arseno-molybdic acid 
reagent. If an inverting enzyme is hydrolyzing a non­
reducing substrate such as 0.1 per cent sucrose solution, 
with reducing monosaccharides being formed in the process, 
the readings will increase as time of incubation increases.
The colorimeter readings presented in Table 2 are all 
very low. The same pattern of a slight rise and then a 
gradual decline in colorimeter readings is present in all 
tubes. The reason for this phenomenon is not known with 
certainty. It may be that raising the temperature of the 
substrate to lj-0° C. caused a slight degree of hydrolysis 
of sucrose due to temperature alone. If a few microorgan­
isms were present before the layer of toluene could be
(22)
added, it is possible that they could multiply, as time 
went on, to the point where they oxidized the reducing 
sugars thus formed. However, since there was no signifi­
cant increase in the readings of the active tubes, and 
since the patterns of activity in all tubes were essent­
ially the same, the test is interpreted as being negative.
The experiments just described-indicate that the adult 
stable fly secretes an inverting enzyme, and that the site 
of secretion is the midgut.
Amylase
Following the routine adopted in testing for invertase, 
tests, were first run using a brei composed of fly bodies. 
Sixty flies which had been digesting a blood meal for ij. 
hours were ground up in a mortar containing 3 ml* of 50 P er 
cent glycerine, a small amount of clean sand, and a drop 
of toluene as a preservative. Six portions of 0.5 ml* each 
were withdrawn and were placed in separate test tubes.
Three of these tubes were stoppered loosely and boiled for 
five minutes, these tubes serving as blanks. Five-tenths 
ml. of distilled water were placed in each of three addit­
ional test tubes, these tubes being used as controls. Next, 
5 ml. of 1 per cent starch solution were added to each of 
the nine test tubes. At this point, one drop was withdrawn 
from each tube and placed in a numbered depression in a 
spot plate containing 12 depressions. A drop of iodine
(23)
indicator solution was added to each test drop. All the 
drops gave a positive test for starch, as indicated by 
the appearance of a blue color. At this point, all nine 
tubes were placed in the water bath operating at I4.O0 C.
At half-hour intervals, a drop was withdrawn from each of 
the tubes in the water bath, and all drops were given, as 
a group, the iodine test described above. Observations are 
summarized in the following tablet
Table 3
Color observations in starch disappearance 
test for amylase activity performed 
on a brei of whole stable flies 
(+ = blue color; » = no color)
Hours Active tubes Blanks Controls
0 + +
0 .5 + + +
1 .0 + + +
1 .5 + + +
2 .0 + + +
2 .5 + + +
3 .0 + + +
3 .5 - + +
Ij-.O - + +
8 .0 - + +
The non-appearance of a blue color in a test con­
stitutes a negative test for a starch. Starches and 
iodine indicator solution, when mixed, form a blue-colored 
complex. If a starch solution is being hydrolyzed by an 
enzyme into end products (e.g., maltose) which do not 
combine with the iodine solution in forming a colored 
complex, the blue color indicating the presence of starch
(2ll-)
will not appear when the hydrolytic reaction has progressed 
beyond a certain point. At this point, the concentration 
of the starch has decreased to a level at which it is no 
longer detectable by the iodine indicator method.
The non-appearance of blue color in the last three 
tests run \ipon drops from the active tubes was interpreted 
as being indicative of the presence of an amylytic enzyme 
in the body of the adult stable fly. The fact that 3 1/2 
hours intervened before the first negative test was ob­
tained led to the supposition that the enzyme was one of 
the ’’weak11 amylases, so-called by Wigglesworth (1950).
It was therefore decided that in subsequent tests more 
time would be allowed to elapse before a test would be 
judged negative for the presence of an amylase.
Tests similar to those described above were run on 
foreguts and midguts, respectively. The observations 
resembled closely those given in Table 3, except that the 
tests on drops from the active tubes did not remain color­
less (= positive for enzymatic activity) until Ij. l/2 hours. 
From these observations it was concluded that an amylase 
was present both in the foregut and midgut.
In view of the fact that the salivary glands are very
small structures when compared to the remainder of the 
alimentary tract, the procedure was modified somewhat when 
the salivary glands were tested separately. It was
thought that, if an amylase was present at all, it might
(25)
be present in such a small quantity that it would not 
catalyze the hydrolysis of a 1 per cent solution of starch 
sufficiently fast to produce a positive test before the 
test was abandoned. Therefore it was decided that the 
testing interval would be extended, and also that the con­
centrations of the starch substrate would be lessened. 
Dilutions of the stock starch solutions were prepared so 
that the per cent concentrations were 0.1, 0.06* and O.Ol^.
On the day prior to testing, 8I4. salivary glands were 
dissected out of flies which had been digesting a blood 
meal for four hours. These organs were macerated, using 
the abraded end of a glass stirring rod and a frosted 
glass mortar, and the resulting brei was examined micro­
scopically for completeness of maceration. The resulting 
brei was diluted to 21 ml. by the addition of distilled 
water, and this was stored in the deep-freezer until the 
next day. It was planned to use 0.5 ml* aliquots of the 
thawed brei, and each aliquot would represent the enzymatic 
material contained in 2 salivary glands.
On the next day, 9 micro test tubes were separated 
into three groups of three tubes each, one group being 
active tubes, one group being blanks, and one group being 
controls. Five-tenths ml. aliquots of thawed brei were 
placed in each of the tubes representing the active tubes 
and the blanks. The blanks were then boiled for 5 minutes 
after having been stoppered loosely. Five-tenths ml. of
(26)
distilled water was placed in each tube of the control 
group. Next, one tube from each group was withdrawn and 
to each was added 0.5 ml* of 0*1 per cent starch substrate. 
Then a second tube was withdrawn from each group, and to 
each of them was added 0.5 ml. of 0.06 per cent starch 
substrate. Five-tenths ml. of O.0I4. per cent starch sub­
strate were added to each tube remaining in each group*
Table I4. may help clarify the group-and-tube relation­
ship. The numbering of the tubes should be noted, since 
this notation will be utilized to save space in the table 
of observations. The tube number was derived from the 
group of the tube (Active, Blank, or Control) plus the 
concentration of the starch substrate used in that tube*
Table ij.
Contents of tubes in tests 
for salivary amylase
Group Tube No. Contents
Active A(0.1) 
A( .06) 
A(.Ol^)
Brei + 0.1$ substrate 
Brei + 0.06$ substrate 
Brei + 0.0i$ substrate
Blank B(0.1)
b(.o6 )
B(.0ij.)
Boiled brei + 0.1$ substrate 
Boiled brei + 0.06$ substrate 
Boiled brei + 0.0)4.$ substrate
Control C(0.1 )
c ( .o 6 )
c(.oij.)
Water + 0.1$ substrate 
Water + 0.06$ substrate 
Water + 0.0ij.$ substrate
A set of tubes as just outlined was prepared and 
tested on each of three successive days.
One-tenth ml. samples were withdrawn from each tube and
(27)
given the iodine spot plate tests previously described. 
All tubes were then placed in the water bath operating at 
i|.0o C. One-tenth ml, samples were withdrawn from each 
tube and tested at the intervals indicated in Table 5«
Table 5
Color observations in starch disappearance 
test for amylase activity performed 
on a brei of salivary glands 
(+ = blue color; - = no color)
Hr. A A A B B B c c c
0 .1 .06 .0]+ 0 .1 .06 • Oip 0 .1 .06 • oip
0 + + + + + + + + +
1 + + + + + + + + +
2 + + + + + + + + +
3 + + + + + + + + +
k + + + + + + + + +
5 + + • + + + + + +
8 + + + + + + + +
22 - mm - + + + + + +
2k - mm mm + + + + + +
Table 5 indicates that the lowest concentration of 
starch substrate used (O.Olj. per cent) is fairly close to 
the limit of sensitivity of the test used. In all cases 
the tests were faint, but were unquestionably positive. 
These data appear to support the supposition that amylase 
is present in the salivary glands, but that it is weak, 
since in the interval between the 5-hour and the 8-hour 
tests (both tests doubtful), the change was not sufficient 
to cause a doubtful test to become a clear-cut negative. 
The presence of the enzyme in the foregut and midgut might 
be expected, since the secretions of the salivary glands
(28)
become mixed, with- the food of the insect when it is ingested. 
Amylase was the only enzyme found in the foregut (includ­
ing the crop) of the stable fly. Its presence in this 
digestive region appears to be a matter of storage of food 
which was previously mixed with salivary secretion rather 
than actual secretion of the enzyme in the foregut, since 
the presence of the enzyme is demonstrable in a structure 
(i.e. the salivary glands) lying anterior to, and connected 
with, the foregut.
Lipase
In accordance with the routine previously adopted, 
tests began with breis made from whole bodies of flies 
which had been digesting a blood meal for I4. hours. Thirty 
flies were ground up in a mortar containing a little clean 
sand and a drop of toluene as a preservative* Three ml* of 
50 per cent glycerine were added. Six portions of 0.5 nil* 
each were withdrawn and were placed in separate test tubes. 
Three tubes were to be active tubes; the other three tubes 
were stoppered loosely and were boiled for five minutes,' 
and were to serve as blanks. A third set of three tubes 
was set up, but these contained 0.5 nil. of $0 per cent 
glycerine instead of brei. These last-mentioned tubes 
were control tubes.
Substrate for the tests was made up by emulsifying 
15 ml* of olive oil with an equal volume of distilled
(29)
water, a few drops of Vatsol OT being used as an emulsi­
fying agent. Three ml. of the substrate were added to 
each of the nine tubes. Five drops of bromthymol blue pH 
indicator were added to each tube, and sufficient 0.1N NaOH 
was added to each tube to produce a strong blue color. All 
tubes were then placed in the water bath operating at Ij.O° 
C., and observed at intervals for color change. The obser­
vations are summarized in the following table.
Table 6
Color observations made on fatty- 
acid production test for 
lipase activity
Hours Active tubes Blanks Controls
0 Blue Blue Blue
0.5 Blue Blue Blue
1.0 Blue Blue Blue
1.5 Blue(?) Blue Blue
2.0 Green Blue Blue
1]..0 Green Blue Blue
8.0 Green . Blue Blue
12.0 Green Blue Blue
The question mark following the observation at 1.5 
hours on the active tubes was placed there to indicate 
that the blue color of those tubes did not appear to be as 
deep as that in the blank and control tubes, but it was 
still blue.
The lipolytic enzymes, or ’'lipases’1, catalyze the 
hydrolysis of fats to fatty acids and alcohols. Lipases 
occur in the digestive secretions of both vertebrates and 
invertebrates, and they are also found in plants. Accord-
(30)
ing to Baldwin (19l|9)» 1'their specificity is very low, 
and any lipase will split virtually any wholly organic 
ester’'•
The test for lipase activity described above is based 
on a color change in the test solutions. When the tubes 
are set up, the contents are made alkaline by addition of 
0.1N NaOH, as indicated by the strong blue color of the 
bromthymol blue indicator, which produces this color at pH 
values above 7.0 (effective range 6 .0-8*6)• If the fatty 
substrate is being hydrolyzed, with resultant formation of 
fatty acids containing free carboxyl (-C00H) groups, the pH 
of the solution becomes increasingly more acid as the react­
ion progresses. As the pH approaches neutrality (= 7.0), 
the blue color of the bromthymol blue indicator begins to 
change, and when the solution has become acid, the indi­
cator becomes green in color.
Table 6 was interpreted as being positive for the 
presence of a lipase in the adult stable fly.
Similar tests, using only the midgut region of the 
flies instead of the whole body, were run. Observations 
duplicated those given in Table 6 . It was inferred that 
the enzyme was present in the midgut region.
The same test, performed in the same manner, was used 
in testing the foregut region. Observations were made at 
half-hour intervals for a period of eight hours, and at the 
end of that time, all tubes were blue in color. This
(3D
indicated no activity in the active tubes, and the test was. 
interpreted as being negative for a foregut lipase.
Tubes were set up in a similar manner to test for a 
salivary lipase, with the exception that the brei used in 
the active tubes and blanks was composed of 2I4. salivary 
glands from flies that had been digesting a blood meal for 
four hours. Three ml. of distilled water were added, and 
six 0.5 ml* portions were withdrawn. Each portion was 
placed in a separate tube, at which point the blanks were 
stoppered and boiled. The remaining procedure was ident­
ical. Observations were made at half-hour intervals over 
a period of eight hours, at the end of which time all tubes 
remained blue., On the basis of these tests, a salivary 
lipase was not present in the adult stable fly.
The lipase demonstrated apparently was secreted in the 
midgut.
Lactase
Phenylhydrazine hydrochloride was purified according 
to the procedure in Morrow and Sandstrom (1935K an-l their 
directions were followed in preparing phenylhydrazine re­
agent. This reagent was tested against a 0.001 per cent 
solution of glucose, and a slight, but detectable, pre­
cipitate of glucosazone was obtained. Details of the 
phenylhydrazine test will be given below.
Tests with insect parts began with the salivary glands.
(32)
Twenty-four salivary glands were dissected into a drop of 
toluol, ground up using the abraded end of a glass stirr­
ing rod, and the toluol was air-dried. The cellular mater­
ial was extracted in 6 ml. of pH 6.8 buffer solution and 
then frozen at -15° C. overnight. On the following day, 
the brei was thawed and divided into four 1.5 ml. portions, 
each of which was placed in separate 12-ml. test tubes;.
Two tubes were retained as active tubes, while the other 
two were stoppered loosely and boiled for 5 minutes, serv­
ing as blanks. Two additional tubes received 1.5 ml. of 
pH 6.8 buffer solution, instead of brei, and served as . 
controls. After the blanks had cooled, 5 ml. of a stock' 
0.1 per cent lactose substrate solution were added to each. 
Immediately after mixing, and again at 2 and l^hour inter­
vals, 2 ml. of the contents of each tube were withdrawn 
and given the phenylhydrazine test. All tubes were in­
cubated at I4.O0 G. in the water bath as soon as they were 
mixed.
The phenylhydrazine test is performed by mixing equal 
parts of phenylhydrazine reagent and the solution to be 
tested, and boiling the mixture for 30 minutes. At the end 
of that time, the tubes are examined for the presence of 
a precipitate (usually yellow).
The test is based upon the fact that hexoses and pent­
oses which have reducing carbonyl groups combine with 
phenylhydrazine, forming compounds called 11osazones’*•
0 3)
These osazones are very insoluble, even at temperatures 
approaching boiling, and their precipitates are composed 
of crystals having a typical structure for each osazone. 
Osazones are usually yellow in color. Among the more 
common reducing sugars yielding osazones are glucose, 
fructose, galactose, and lactose. Glucose and fructose 
yield the same osazone; lactosazone differs somewhat from 
other osazones in that it precipitates only when the test 
solution has cooled.
Observations on precipitates noted in tests on sali­
vary glands are summarized in the following table:
Table 7
Observations on precipitates noted in the osazone 
test for reducing sugars formed by lactase 
activity in the salivary glands
Hours Actives Blanks Controls
0 Light ppt. 
on cooling
Light ppt. 
on cooling
Light ppt* 
on cooling
2 Light ppt* 
on cooling
Light ppt. 
on cooling
Light ppt, 
on cooling
k Light ppt. 
on cooling
Light ppt. 
on cooling
Light ppt. 
on cooling
The precipitates which formed in all tubes on cool­
ing were suspected to be lactosazone. This was confirmed 
by examining the crystal-structure of the precipitates 
under a compound microscope and comparing their structures 
to photomicrographs of osazones given in Morrow and Sarid- 
strom (1935) &nd Hawk and Bergeim (I93I). The test was
(3U
interpreted as being negative for a salivary lactase.
The bodies of $0 flies which had been digesting a 
blood meal for four hours were ground up in a mortar con­
taining a little clean sand and 2 ml. of toluene. The 
preparation was air-dried and then extracted with 20 ml. of 
pH 6.8 buffer solution. Eight 2.5 ml* portions were with­
drawn and placed in separate test tubes. Pour of these 
were stoppered loosely and boiled for five minutes, thus 
serving as blanks; the other four tubes were retained as 
active tubes. Pour additional tubes were provided with 2*5 
ml. aliquots of pH 6.8 buffer solution, and served as con­
trols. Next, 5 of 0.1 per cent lactose substrate sol­
ution were added to each of the twelve tubes. Immediately 
after mixing, 2 ml. portions of the contents of each tube 
were withdrawn and given the phenylhydrazine test described 
above. All tubes were placed in the water bath operating 
at I4.O0 C. Similar samples of the contents of each tube 
were withdrawn at the end of 2 hours and Lj. hours, and given 
the phenylhydrazine test. Observations are summarized in 
Table 8.
This table indicates yellow-colored precipitates in 
both the active and the blank tubes, and these formed while 
the tubes were being boiled. In the controls, a precip­
itate, which was lighter in color, formed only when the 
solutions cooled.
Table 8
Observations on precipitates noted in the osazone 
test for reducing sugars formed by lactase 
activity in whole fly bodies
Hours Active Blanks Controls
0 Yellow ppt* Yellow ppt.
Light ppt. 
on cooling
2 Yellow ppt. Yellow ppt. Light ppt. on cooling
k Yellow ppt. Yellow ppt. Light ppt. on cooling
The appearance of a precipitate in the blank tubes 
caused doubt that the precipitates in the active tubes 
constituted a positive test for lactase activity. The 
guts of some insects will produce a precipitate, when given 
the phenylhydrazine test, even before being mixed with a 
substrate solution. This can occur if the insect ingests 
some reducing sugar (e.g., glucose, fructose, lactose, or 
galactose) as an integral part of its food, or if the insect 
secretes some inverting enzyme, such as invertase, which 
catalyzes the forxnation of reducing sugars as end-products 
of digestive processes. In either case, reducing sugars 
would be present in the gut prior to killing the insects, 
assuming that a period of digestion was allowed to elapse 
in which the digestive hydrolysis mentioned had become 
operative.
In order to determine if the gut of the stable fly 
would produce a positive osazone test prior to addition
(36)
to lactose substrate, 20 midguts were dissected, ground up 
in a mortar, 8.5 ml. of pH 6.8 buffer solution added, and 
the resulting solution was divided into four portions of 
2 ml. each. Each portion was placed in a separate test 
tube and an equal volume of phenylhydrazine reagent added 
to each tube. All tubes were boiled for 30 minutes, and a 
yellow precipitate formed in each during the boiling pro­
cess.
Samples of the precipitates obtained in the test just 
described and those obtained in testing the brei of whole 
flies previously described were examined under a compound 
microscrope and their crystal structure noted. The follow­
ing table summarizes the osazones found:
Table 9
Osazones identified by microscopic 
examination of their 
crystal-structure
Active tubes -- Glucosazone, lactosazone 
Blank tubes —  Glucosazone, lactosazone 
Controls —  Lactosazone 
Midgut only —  Glucosazone________________
Prom the above table it would appear that the glucose 
was already present in the gut of the flies prior to its 
addition to the substrate. If this had not been the case, 
there should have been no glucosazone precipitate in the 
1'midgut only1' tubes. The appearance of a precipitate of 
lactosazone in the actives, blanks, and controls, but not 
in the ''midgut only'1 tubes, was to be expected since
(37)
lactose forms an osazone, and it is the only material 
present in the first three, but not in the last. The fact 
that glucosazone did not appear as a precipitate in the 
controls supports the belief that the presence of glucos­
azone >is correlated with the presence of materials from 
the gut. Finally, if the glucose which combined with 
phenylhydrazine, forming glucosazone, had been one of the 
end-products: of enzymatic hydrolysis of lactose by lactase,, 
rather than merely initially-present glucose, the presence 
of galactosazone should have been noted, since lactase 
catalyzes the hydrolysis of lactose to glucose and galact­
ose. In no case were crystals of galactosazone observed.
The presence of free glucose in the midgut of the 
stable fly might be explained by the fact that it had fed 
upon bovine blood. One of the striking phenomena of mam­
malian bloods is their characteristic level of glucose, 
ranging from about 0 .07-0.1 per cent, depending upon the 
species, but usually very closely determined within a 
species. This normal level of blood sugar could have pro­
duced the positive tests obtained.
In view of the above observations, the tests were 
interpreted as being negative for lactase.
Pepsin
In the past, it has been customary to omit tests for 
insect pepsin with a brief mention of the fact that.it had
(38)
not been demonstrated. However, In view of the recent pub­
lication of Greenberg and Paretsky (1955)* in which they 
conclude that a pepsin-like enzyme is present in all stages 
of the house fly, pepsin tests must now be included in any 
complete survey of digestive enzymes.
Since the relationship between vertebrate and inver­
tebrate proteolytic enzymes remains relatively unexplored, 
it has been customary to refer to a * 1 trypsin-like enzyme1' 
merely as ''trypsin11 and to a ''pepsin-like enzyme'1 
merely as ''pepsin''. These analogies are based upon sim­
ilarities in the pH range in which the enzymes are most 
active, rather than upon any known structural similarities. 
Trypsin-like enzymes are most active in the alkaline range 
from pH 7 to pH 10, while pepsin-like enzymes are most 
active at quite acid values, ranging from pH 1.5 to about 
pH 3.5. The convenience in the use of the shorter terms 
''trypsin'' and ''pepsin1' will be utilized in subsequent 
reference to fly enzymes, but no inference is intended 
that they are identical to vertebrate trypsin and pepsin.
Method of Analysis
The substrate, sulfanilic acid-azoalbumin was prepared 
as described by Tomarelli, Charney and Harding (19^ 1-9) • It 
is a chromophoric protein derivative, formed by the coupling 
of a diazotized aryl amine with a protein in an alkaline 
solution. Such azoproteins are completely precipitated by
(39)
trichloroacetic acid, and yield a colorless filtrate. 
Digestion of a solution of such proteins by proteolytic 
enzymes results in the formation of colored fragments which 
are soluble in trichloroacetic acid (Charney and Tomarelli, 
19^7 )* The appearance of color in the trichloroacetic acid 
filtrate depends upon an intact, diazotized amino acid or 
peptide fragment. The intensity of color in the filtrate 
following protease action is a direct function of the pro­
teolytic activity of the enzyme source and its measurement 
serves as the basis of this technique.
Azoalbumin is insoluble within the pH range from about 
3.3 to 5, but dissolves very readily in aqueous solutions 
having a pH which is more acid or more alkaline than this 
range. Stock substrate solutions were made up by dissolv­
ing 250 mg. azoalbumin in 10 ml. of buffer solution of 
desired pH, separate solutions being made for pH 1.5* 2.0, 
2.5* and 3.0. This procedure produced solutions containing 
25 mg. azoprotein/ml. However, when the pH values of the 
above solutions were checked, using the Beckman Model H—2 
pH meter with microelectrodes, none of the solutions were 
at the desired pH. It appeared that azoalbumin had a more 
or less powerful buffering capacity of its own. These 
solutions were discarded.
Pour new 250 mg. portions of azoalbumin were weighed 
out and were each dissolved in 5 ml. of distilled water. 
Each portion was treated separately by checking its pH on
Oj-0)
the Beckman meter. A 0.2M HC1 was added dropwise, with 
stirring, in order to bring the pH to the desired point.
At about pH 5, ^ e  azoprotein precipitated, becoming some­
what gelatinous, but continued addition of HC1 produced 
resolution when the pH approached about 3.1^ ,. When the 
desired pH was reached, the material was removed from the 
pH meter, and its final volume was brought to 10 ml. by 
the addition of an appropriate amount of buffer solution 
of the desired pH. The resulting solutions had concen­
trations of 25 mg. azoprotein/ml. Following dilution to 
final volume, all samples were checked on the pH meter to 
assure their being correct.
The enzyme assay technique was checked by the use of 
solutions containing 0.1, 0.01, 0 .005, an<i 0.001 per cent 
of Wilson Laboratories* commercial pepsin (powdered).
The bodies of 16 flies which had been digesting a 
blood meal for four hours were placed in a mortar contain­
ing a little clean sand and 1 ml. of pH 1.5 buffer sol­
ution. After grinding, the resulting brei was extracted 
with an additional 3 ml. of pH 1.5 buffer solution. The 
mixture was transferred to a centrifuge tube and spun on 
the Sorvall angle centrifuge at J4.50O r.p.m. for 5 minutes 
in order to clear the debris. Aliquots consisting of 0.5 
ml. of the centrifuged extract were then placed in each of 
six micro test tubes, and stored temporarily in the deep- 
freezer. A similar procedure was followed in preparing
(la)
breis for pH values 2.0,and 2.5* In the preparation of 
brei at pH 3*0, double quantities were used and portions 
placed in 12 micro tubes, six of which were boiled 5 min­
utes prior to storage in the deep-freezer, and served as 
blanks.
When all breis had been prepared, they were removed 
from the deep-freezer and allowed to thaw. Next, 0.5 ml. 
of buffer solution of the same pH in which the brei had 
been extracted were added, along with 0.25 ml. of azo­
albumin at the same pH. All tubes were then placed in the 
water bath for Ij. hours at 1^ .0® C. At the end of this time, 
the tubes were removed from the water bath, and the contents 
of each poured into numbered centrifuge tubes which con­
tained 1.5 ml. of 10 per cent trichloroacetic acid. Each 
micro tube was then rinsed with an additional 1 ml. of 
trichloroacetic acid, and this rinse was added to the con­
tents of the appropriate centrifuge tube. The precipitated 
protein was separated by centrifuging for ten minutes at 
5500 r.p.m. Next, 2*5 ml. of the supernatant liquid from 
each tube were placed in a calibrated Klett colorimeter 
tube, and then 2.5 ml. of 0.5N sodium hydroxide solution 
were added to each Klett tube. The addition of the sodium 
hydroxide caused a shift in pH and served to intensify the 
color. Readings were determined by means of the color­
imeter, using the I4J4.O millimicron blue filter.
The amount or the condition of the blood contained in
(1*2)
the digestive tracts of the flies had no effect upon the 
results of the tests since the blood proteins would be pre­
cipitated by the trichloroacetic acid, and any colored 
materials soluble in this acid would be equal in both 
blanks and runs* The results are given in Table 10*
Table 10
Colorimeter readings obtained in 
pepsin tests performed on 
whole bodies of flies
pH
value
Low
reading
High
reading Average
1.5 19 21 19.66
2.0 18 23 20.^0
2*5 19 22 20.83
3.0 2l 30 28*00blank 28 31 29.33
The data show that the readings of all tubes were very 
low, the highest of them being the blanks.
Since there was no significant increase in activity in 
the active tubes, the results were interpreted as being 
negative for pepsin*
Trypsin
A second chromophoric protein derivative, sulfanila- 
mide-azocasein, was prepared as a substrate as described 
by Charney and Tomarelli (19^7)• This material is similar 
to the sulfanilic acid-azoalbumin used as a substrate in 
the pepsin tests, but azocasein is easier to synthesize 
and is much less expensive. Like azoalbumin, azocasein is
(to)
completely precipitated by trichloroacetic acid, yielding 
a colorless filtrate. Digestion of a solution of azocasein 
by proteolytic enzymes results in the formation of colored 
components soluble in trichloroacetic acid (Charney and 
Tomarelli, 19i|-7)» The appearance of color in the trichloro­
acetic acid filtrate depends upon an intact, diazotized 
amino acid or peptide fragment. The intensity of color in 
the filtrate following protease activity is a direct fun­
ction of the proteolytic activity of the enzyme source and 
its measurement serves as the basis of the technique.
A stock,solution of azocasein was prepared by dis­
solving 2.5 g« azoprotein in $0 ml. of 1 per cent sodium 
bicarbonate. The pH was adjusted to 8.3 by dropwise add­
ition of 0.1N NaOH, and then sufficient distilled water 
added to bring the final volume to 100 ml. This procedure 
produced a stock solution containing 25 mg. azoprotein 
and 5 NaHC0s/ml. The stock solution was stored in a 
refrigerator operating at 3° C.
The enzyme assay technique was checked by the use of 
solutions containing 0.1, 0 .01, 0.005, and 0.001 per cent 
of Coleman-Bell commercial trypsin.
One hundred ml. of pH 7*8 buffer solution (Sigma 7—9 ) 
were prepared, and it was checked on the Beckman Model H-2 
pH meter. The choice of the pH value used for this buffer 
was influenced by the fact that Pisk (1950) demonstrated 
a trypsin, having a pH optimum of about 7*8, in Andes.
mSince these tests were the first trypsin runs made using 
stable fly structures as an enzyme source, the pH optimum 
of stable fly trypsin was not known at the time.
The bodies of ijl}. flies which had been digesting a 
blood meal for 1+ hours were ground up in a mortar contain­
ing a little clean sand and 1 ml. of pH 7*8 buffer solution. 
The brei was extracted with an additional 10 ml. of pH 7*8 
buffer solution, and 0.5 ml* aliquots were withdrawn and 
were placed in each of 20 micro tubes. Each micro tube 
thus contained enzymatic material equivalent to that con­
tained in 2 flies. F’our of these micro tubes were boiled 
for five minutes, serving as blank?. Next, 0.5 nil. of pH 
7.8 buffer solution were added to each of the 20 micro 
tubes, followed by the addition of 0.25 nil. of azocasein 
stock solution. Pour of the active tubes were precipitated 
immediately by the addition of 1.5 ml. eif 10 per cent 
trichloroacetic acid and then tested. The remaining 12 
active tubes and the four blanks were placed in the water 
bath operating at J4.O0 C. At the end of 2 hours, ij. hours, 
and 6 hours, four active tubes were withdrawn and tested; 
the blanks were tested at the end of six hours.
A similar brei was prepared and a similar arrange­
ment of micro tubes was used on the following day, pro­
viding a total of 8 replicates.
When a group of micro tubes was to be tested, the 
contents of each were poured into a numbered centrifuge
(1<&)
tube containing 1,5 ml. of 10 per cent trichloroacetic acid* 
Eacfe micro tube was then rinsed with an additional 1 ml. of 
trichloroacetic acid, and this rinse was added to the con­
tents of the appropriate centrifuge tube. The precipitated 
protein was separated by centrifuging for 10 minutes at 
5500 r.p.m. Next, 2.5 ml. of the supernatant liquid from 
each centrifuge tube were placed in a calibrated Klett 
colorimeter tube, and 2.5 ml. of 0.5N sodium hydroxide 
solution were added to each. The addition of the sodium 
hydroxide caused a shift in pH and served to intensify the 
color. Readings were determined by means of the color­
imeter, using the IpIpO millimicron blue filter*
This technique was used in all subsequent tests, and, 
in order to eliminate needless repetition, this procedure 
is implied when the phrase 1’routine protein test1’ is used.
The results given in Table 11 and Figure 3 ar© based 
on 8 replicates. The averages were corrected by sub­
tracting the blank reading.
Table 11
Colorimeter readings obtained in 
trypsin tests performed on 
whole bodies of flies
Hours
Low
reading
High
reading Average
Corrected
average
0 30 35 3^ 6
2 58 65 62 3^
k 109 122 115 87
6 166 178 171 11+3
blank 27 29 28 0
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Figure 3 : Activity of stable fly trypsin with azo- 
casein as the substrate* Brei: whole adult flies, both 
sexes, four hours after a blood meal. £H: 7.8
(47)
These results show a marked Increase in optical den­
sity as time increases, indicating increasing hydrolysis 
of the chromophoric protein substrate, and the test was 
interpreted as being positive for trypsin. A statistical 
analysis of the data, using a t-test of a regression co­
efficient, showed that the slope of the line differed 
significantly from zero at a 2 per cent confidence level. 
The calculated t value was 9*889*
Test for Salivary Protease
The salivary glands were the first digestive struct­
ures tested to determine if they were the site of protease 
secretion. A brei was prepared by dissecting out 36 sal­
ivary glands into 2 drops of saline contained in a mortar, 
and grinding them up with the abraded end of a glass stirr­
ing rod. Nine ml. of pH 7*8 buffer solution were used to 
extract the material, and 0.5 ml. aliquots were placed in 
each of 16 micro tubes. Eight of these tubes were boiled 
for 5 minutes, serving as blanks. Next, 0.5 ml* of pH 7*8 
buffer solution was placed in each micro tube, followed by 
0*25 ml. of azocasein stock solution. Two active tubes 
and two blanks were precipitated immediately by the add­
ition of 1.5 ml. of 10 per cent trichloroacetic acid, while 
all remaining micro tubes were placed in the water bath 
operating at IpO® C. At the end of 1.5> 3*0, and 4*5 hours, 
two active tubes and two blanks were withdra\Mn and tested
( W
by means of the routine protein test.
Similar runs were made on each of two following days, 
producing a total of six replicates.
The colorimeter readings of the six replicates are 
presented in Table 12.
Table 12
Colorimeter readings obtained in 
tests for salivary protease
Active tubes
Low High Corrected
Hours reading reading Average average
0 18 22 19 -3.5
1.5 20 24 22.5 1.5
3.° 24 31 27*5 4.5
6.5 2k 31 27*5 o.5
Blanks
0 19 24 22.5 0
1.5 20 24 21 0
3.0 21 25 23 0
t 5 25 28 27 0
These results show no marked activity in the active 
tubes. The readings between groups vary only minutely, 
and the test was interpreted as being negative for a sal— 
vary protease.
Test for Foregut Protease 
The next part of the gut tested was the foregut. 
Thirty six foreguts were dissected out of flies which had 
been digesting a blood meal for four hours. They were 
ground up in 1 ml. of pH 7.8 buffer solution and then ex­
(49)
tracted with an additional 8 ml. of pH 7*8 buffer solution. 
Aliquots of 0.5 ml* were placed in each of 1.6 micro tubes,
8 of which were boiled for five minutes, these serving as 
blanks. Then, 0*5 ml. of pH 7*8 buffer solution was added 
to each micro tube, followed by 0.25 of azocasein stock 
solution. Two active tubes and two blank tubes were precip­
itated immediately by the addition of 10 per cent trichloro­
acetic acid and were tested. The remaining micro tubes 
were placed in the water bath operating at 1^.0° C. At the 
end of 1.5* 3*0, and 4.5 hours, two active tubes and two 
blank tubes were withdrawn and tested by means of the 
routine protein test.
The colorimeter readings of the six replicates are 
presented in Table 13.
Table 13
Colorimeter readings obtained in 
tests for foregut protease
Active tubes
Hours Lowreading
High
reading Average
Corrected
average
0 19 22 21 1
1.5 19 24 22 -1
3*° 21 27 25 1
4.5 21 24 23 0.5
Blanks
0 20 20 20 0
1.5 22 25 23 0
3.° 22: 27 24 0
4.5 21 26 22.5 0
(50)
The active tubes show no marked increase in optical 
density, and their average readings remain very close to 
the blank level. These results were interpreted as being 
negative for a foregut protease.
Test for Midgut Frotease
The midguts of Jplp flies which had been digesting a 
blood meal for four hours were dissected out and ground up 
in 1 ml. of pH 7*8 buffer solution. The mixture was ex­
tracted with an additional 10 ml. of pH 7*8 buffer solution. 
Aliquots of 0.5 ml. were withdrawn and placed in each of 20 
micro tubes. Pour of these tubes were boiled for five 
minutes, serving as blanks. Next, 0.5 ml. of pH J.8 buffer 
solution was added to each of the 20 micro tubes, followed 
by the addition of 0.25 ml. of azocasein stock solution. 
Pour of the active tubes were precipitated immediately by 
the addition of 1.5 ml. of 10 per cent trichloroacetic acid 
and then given the routine protein test. The remaining 
micro tubes were placed in the water bath operating at lp0° 
C* At the end of 1.5* 3*0* and- lj-»5 hours, four active 
tubes were withdrawn and given the routine protein test.
The blanks were tested at the end of ip.5 hours.
A similar brei was prepared and a similar arrangement 
of micro tubes were used on the following day, making a 
total of eight replicates.
The results are given in Table lip and Figure Ip*
(5D
Table lij.
Colorimeter readings obtained in 
tests for midgut protease
Hours
Low
reading
High
reading Average
Corrected
average
0
1.5
n
blank
26
1+8
86
13|fc
25
32
53
$
26
30
50
91
136
26
2I
65
110
0
These results show a marked increase in optical density 
of the active tubes at the end of I4..5 hours. Since there 
was no comparable activity in the blanks, the test was 
interpreted as being positive for a trypsin in the midgut 
of the adult stable fly. A statistical analysis of the 
data, using a t-test of a regression coefficient, showed 
that the slope of the line differed significantly from zero 
at a 2 per cent confidence level. The calculated t value 
was 8.702.
Table 1.$
Synopsis of digestive enzyme tests
Enzyme Result Site of secretion
Invertase
Lipase
Lactase
Pepsin
Amylase
Trypsin
Positive
Positive
Negative
Negative
Positive
Positive
Midgut
Midgut
a» w
mm »
Salivary glands 
Midgut
(52)
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Figure Ij.: Proteolytic activity of stable fly midguts
with azocasein as the substrate. Brei: midguts of adults,
both sexes, four hours after a blood meal, fiH: 7.8
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PROTEASE TESTS MID RESULTS
pH Optima for Fly Trypsin 
Earlier authors (Baldwin, 19^-9# Northrop, 1939) have 
pointed out that the optimum pH is characteristic of a 
given enzyme, though under certain special conditions and 
in certain groups of enzymes the pH optimum may vary. This 
is true of the proteolytic enzymes, different optima being 
found with different protein substrates. Therefore, the 
next groups of tests were run in order to determine the pH 
optimum of fly trypsin in the hydrolysis of azocasein and 
azioalbumin, respectively.
Eg Optimum with Azoalbumin 
Preliminary experiments began with tests covering the 
pH range from 7 to 10. Buffer solutions were made up for 
the following pH values: 7»0> 7*2, 7»4> 7*6, 7*8, 8.0, 8*5*
9 .0, and 10.0.
The midguts of six flies which had been digesting a 
blood meal for four hours were dissected, ground up, and 
extracted in 1.5 ml. of each of the buffer solutions except 
pH 10. For this pH value, 10 midguts were extracted in 2.5 
ml. of buffer, since more aliquots of this brei were needed 
because half were to be used as blanks. Aliquots of 0.5 
ml. of brei at each pH value were placed in each of two 
micro tubes (four tubes of pH 10; 2 were boiled for 5 min­
utes as blanks). Five-tenths ml. of the appropriate buffer
<5W
solution was added to each tube, followed by 0.25 Wl* of 
azoalbumin stock solution containing 25 mg. azoprotein/ml. 
All tubes were placed in the water bath at I4.O0 C. for four 
hours. They were given the routine protein test.
Colorimeter readings are presented in Table 16.
Table 16
Colorimeter readings obtained in tests for trypsin 
activity at various pH values 
Substrate: azoalbumin
PH
Low
reading
High
reading Average
Corrected
average
7 .0 28 28 28(pptd.) 2
7 .2 82 88 85 59
7.4 93 94 93*5 67*5
7*6 106 112 109 83
7*8 129 133 131 105
8 .0 260 262 261 235
8 .5 122 126 12I+ 98
9*0 161+ 17k 169 143
10.0 153 155 154 128
blank 2k 28 26 0
The precipitation which occurred in the pH 7 tubes 
was the only case of precipitation encountered in the whole 
series of tests. Its cause was unknown.
The figures in Table 16 indicated an optimum at about 
pH 8. Therefore, the pH range between pH 7 arid pH 9 was 
sub-divided into 0.2 pH units, and buffer solutions (Sigma 
7-9) were made up for the values 7*0# 7*2, 7*4* 7*6, 7*8,
8 .0, 8 .2, 8.Ip, 8.6, 8.8, and 9-0.
Breis of the midguts of six flies were made up, as 
just described, for each of the pH values mentioned above,
<#)
except that 10 midguts extracted in 2.5 ml* of pH 9 buffer 
solution were used, half of the tubes being boiled as 
blanks. The micro tubes were set up as described for the 
preliminary run. The test method also was identical, being 
the routine protein test.
A similar procedure was followed on five successive 
days. The entire group of experiments was considered un­
satisfactory for the reason that graphs of the individual 
runs did not show similar optima nob similar levels of 
activity under supposedly identical conditions. It was 
felt that some variable other than pH was entering the 
experiments, and, for this reason, it was decided that a 
change in technique should be made.
The erratic results mentioned above might be due, In 
part at least, to chance variation in size of flies. In 
almost every population, there is usually a gradation in 
regard to a given characteristic, e.g., body size, ranging 
from a few very small individuals to the other extreme of 
a few very large individuals, with the greatest number of 
individuals lying about the median. Theoretically, it 
would be possible, purely as a matter of chance, to use six 
very small flies in making one brei, and to use six very 
large flies in making another. Since Shambaugh (195^ 1-) h-as 
demonstrated a strong positive interaction between the 
weight of blood ingested and subsequent protease activity, 
it follows that a brei made from very large flies would
(56)
produce more proteolytic activity than one made from very 
small flies, since large flies consume more blood in feed­
ing to repletion than small flies.
Accordingly, it was decided that in all subsequent pH 
tests smaller aliquots of more concentrated brei would be 
used. The difference in the volume of the old versus the 
new aliquot was to be made up by use of buffer solution at 
the desired pH. This procedure would tend to provide an 
approximately equal amount of enzymatic material at a con­
stant concentration in each micro tube.
One other possible source of variation has already 
been mentioned in the section dealing with pepsin runs. It 
was noted that azoalbumin has a rather powerful buffering 
effect of its own, and it might affect the pH considerably. 
Therefore, in subsequent runs, individual substrate sol­
utions for each pH value were to be used.
pH Optimum (by 0.2 pH units)
Individual substrate solutions were made up by weigh­
ing out twelve 250 mg. portions of azoalbumin. Each por­
tion was dissolved in 5 distilled water, and the
solution placed in a micro beaker on the Beckman pH meter 
fitted with micro electrodes. The pH was adjusted to the 
desired value and then sufficient buffer solution of the 
same pH was added to bring the final volume of the sol­
ution to 10 ml. This produced a solution containing 25 mg*
(57)
az;op rote in/ml.
The procedure was repeated for each pH value except 
pH 9, In which case a double amount was made up, since this 
served also as substrate In the blanks.
In order to maintain the previously-adopted standard 
of 2 midguts/aliquot of brei, the midguts of 60 flies which 
had been digesting a blood meal for four hours were dis­
sected, ground up, and the final volume of the resulting 
brei was brought to 3 ml. Next, 0.1 ml. aliquots were 
placed in each of 2J4. micro tubes. These tubes were arranged 
in groups of two each, and 0.9 ml. of a given buffer sol­
ution placed in each tube of a group, except for pH 9> 
where four tubes were used. At this point, two of the pH 9 
tubes were boiled for five minutes, serving as blanks.
Then 0.2f? ml. of azoalbumin substrate solution of appropri­
ate pH was placed in each corresponding micro tube. All 
tubes were incubated in the water bath at i|0o C. for four 
hours. At the end of this time, they were removed and 
given the routine protein test.
The tests just outlined were run on three different 
days, providing six replicates.
Table 17 gives the results. It shows that maximum 
enzyme activity occurs at about pH The next
tests were run at 0.1 pH unit intervals in a more re­
stricted range.
(58)
Table 17
Colorimeter readings obtained in 
pH optimum by 0*2 pH units. 
Substrate: azoalbumin
pH
Low
reading
High
reading Average
Corrected
average
7.0 128 156 139.33 113.33
7.2 130 158 142.83 116.83
7.4 135 16k 1^0.00 124.00
7.0 136 161}. 152.83 126.83
7.8 m o 170 1§8.66 132.66
8.0 ll+O 171 158.66 132.66
8.2 136 166 154*83 128.83
8.k 135 161 151.50 125.50
8.6 135 157 149.16 123.16
8.8 136 153 lk7*16 121.16
9.0 134 152 14-5.50 119.50
blank 23 29 26 0
pH Optimum (by 0.1 pH units)
Additional buffer solutions (Sigma 7-9) were made up so 
that the values 7*7» 7 *§> 7*9# 8.0, and 8.1 were represented.
Individual substrate solutions were made up for each 
pH value as described in the preceding section.
A brei of the midguts of 60 flies which had been di­
gesting a blood meal for four hours was made up as des­
cribed in the preceding section. Aliquots of 0.1 ml. of 
brei were placed in each of 2J4. micro tubes. Since only 
half as many pH values were being tested, a group of 4 
tubes was used in this run, instead of 2 as before. The 
pH 8.1 group consisted of eight tubes, four being boiled 
five minutes as blanks.
The treatment of the tubes and the test employed were 
identical to that described in the preceding section.
(59)
The runs were repeated, with a total of eight repli­
cates, the results of which are given in Table 18 and 
Figure 5*
Table 18
Colorimeter readings obtained in 
pH optimum by 0.1 pH units.
Substrate: azoalbumin
pH
Low
reading
High
reading Average
Corrected
average
7.7 198 200 199.5 176.5
7.8 206 209 208 185
7.9 213 215 2li|.5 191.5
8.0 208 210 20 9 186
8.1 200 201 200.5 177.5
blank 22 2k 23 0
Figure 5 shows a maximum of activity occurring at pH 
7.9 This indicates that this value represents the optimum 
pH for the hydrolysis of azoalbumin by stable fly trypsin 
under the conditions of the experiment.
pH Optimum with Azocasein 
Since, as noted before, the pH optimum of a proteo­
lytic enzyme can vary, depending upon the substrate being 
hydrolyzed, tests were run in order to determine the pH 
optimum when fly trypsin catalyzes the hydrolysis of 
azocasein.
The procedures and tests used were those just des­
cribed for the determination of the pH optimum of fly 
trypsin when catalyzing the hydrolysis of azoalbumin. The 
only change was in the substitution of the different
(60)
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Figure $1 pH optimum of stable fly trypsin with azo­
albumin as the substrate. Brei: midguts of adult stable
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substrate.
Preliminary experiments indicated an optimum falling 
at about pH 7*8. Accordingly, the final runs were made 
using the pH values of 7.6, 7.7, 7.8, 7.9, and 8.0. Rep­
etitions of the runs provided eight replicates.
The results of these runs are presented in Table 19 
and Figure 6,
Table 19
Colorimeter readings obtained in 
pH optimum by 0.1 pH units.
Substrate: azocasein
PH
Low
reading
High
reading Average
Corrected
average
7*6 2I4.8 251 250 227
7*z 251 253 252 229
7.8 2^8 2§6.75 233.75
7.9 2k8 250 25-9 226
8.0 2i^ 5 2k9 2ii_8 225
blank 22 25 23 0
Figure 6 shows a maximum of activity occurring at pH 
7*8. This indicates that this value represents the optimum 
pH for the hydrolysis of azocasein by stable fly trypsin 
under the conditions of the experiment.
Protease Activity as Related to Time 
The phenomenon of an increase in enzymatic activity 
following feeding has been known for over half a century, 
Biedermann (1898) being one of the earliest writers to 
mention its occurrence. It was mentioned by Schlottke 
(1937 a, b, c,) as occurring in the predacious beetle,
235--
(62)
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Carabus auratus, and the omnivorous orthopterans Tetti- 
gonia can tans. Periplaneta. and Blattella. Fisk and Sham** 
baugh (1952) note a similar increase in the bloodsucking 
female Aedes aegypti. They also note an initial drop in 
protease activity immediately following a feeding, a change 
which was not detected by Fisk (1950}• Fisk and Shambaugh 
(1952) also demonstrated that protease activity in the few 
male mosquito,. Aedes aegyptl. is at its maximum about 18 
hours after a blood meal, after which time the protease 
activity begins to diminish* The subsequent experiments 
were-designed in order to determine how much time inter* 
vened between feeding and maximum proteolytic activity.
Preliminary tests indicated a maximum of enzyme act­
ivity at about 12-llj. hours after feeding.
Flies fed upon citrated bovine blood were captured 
in an aspirator, and groups of 20 were allowed to digest 
the blood meal for the time periods given in the table of 
results. tWhen this period had elapsed, they were killed 
and the midguts were dissected out. Since a large number 
of flies was used, and since different groups represented 
different digestion intervals, dissection was performed by 
group, and the breis held frozen at -15° C* until all had 
been prepared. Twenty fly guts were used in each brei 
because it was felt that erratic results previously en­
countered, possibly due to variation in fly-size, might 
be circumvented by the use of a larger sample of the
population.
The guts were dissected into a couple of drops of 
pH 7*8 buffer solution in a micro mortar and then ground 
up. Two or three additional drops of buffer solution 
were added, and the mixture transferred to a small grad­
uated cylinder. The mortar was rinsed with two rinses of 
two drops each, and these rinses were added to the con­
tents of the graduated cylinder, and the final volume was 
adjusted to 1 ml* Withdrawal of 0.1 ml. aliquots provided 
enzymatic material equivalent to that contained in 2 mid­
guts.
Aliquots of 0.1 ml. of each brei were placed in each - 
of two micro tubes. Nine-tenths ml. of pH 7*8 buffer sol­
ution were added to each tube. At this point two tubes 
were boiled for five minutes and served as blanks. (Four 
0-hour tubes were set up, two being boiled and two being 
retained as active). Then 0.2£ ml. of azocasein stock 
solution were added to each micro tube, and all tubes in­
cubated in the water bath at lj.0° C* for four hours. At 
the end of this period, they were given the routine pro­
tein test.
Similar tests were run on four different days, pro­
viding eight replicates.
The results are given in Table 20 and Figure 7.
(65)
Table 20
Colorimeter readings obtained in testing 
relationship of protease activity 
to time of digestion of 
a blood meal
Time of 
digestion
Low
reading
High
reading Average
Corrected
average
0 39 39 39 19
5 min. 39 hi ko 20
15 min. 5° 53 52 12
30 min. 60 62 61 hi
1 hr. 86 91 89 69
2 hr. 102 107 105*5 85*5
3 hr. 177 183 180.5 160.5
6 hr. 283 292 287.5 267.5
9 hr. 335 3fe 339.25 319.2512 hr. 35? 366 36O.5 31+0.513 hr. 386 392 388 368
I4. hr. 383 391 386 366
15 hr. 363 369 365.25 31*5.25
18 hr. 330 336 33k 31k2k hr. 303 310 306 286
blank 19 21 20 0
These results show a sharp rise in activity after 
the first 5 minutes. This rise continues for about six 
hours, at which time the rate decreases somewhat. Max­
imum proteolytic activity appears to occur about 13 hours 
after feeding on blood. The activity begins to decline 
after the maximum has been reached, and it continues to 
drop during the remainder of the time interval covered in 
the test.
Fisk and Shambaugh (1952), wo iking with Aedes aeprvpti 
females, observed a significant decrease in proteolytic 
activity in the first five minutes following a blood meal. 
The results of these tests do not show a similar phenomenon
tSJ -P
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Figure 7: Protease activity at various times (solid line = blood-fed series; broken
line = sucrose-fed seriesJ. Brei; midguts. jdH: 7.8. Substrate: azocasein
(9
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in the stable fly. The readings obtained at five minutes 
are approximately the same as that obtained at zero hours. 
The last-named authors attribute the lowered five-minute 
readings to a possible '’depletion'1 of the enzyme by its 
substrate. It is worth noting, however, that a comparison 
is being made between two insects in which ingested blood 
is stored in quite different ways. It has been known for 
a long time that when a mosquito ingests blood, this liquid 
passes directly to the stomach, while other fluids, such 
as nectar, go first to the crop and dorsal diverticula. In 
the muscoid bloodsuckers, such as Glossina and Stomoxvs. 
Ingested blood passes into the crop, where no digestion or 
denaturation occurs. The crop functions simply as a stor­
age organ, and quantities of blood are released from it 
periodically, this blood entering the midgut.
This divergence being the case, variation in phenom­
ena related to blood feeding logically might be expected. 
Phenomena relating to feeding upon nectar or sucrose sol­
ution should be in more general agreement, because the 
relative mechanisms are more similar.
The proteolytic enzymes tested are localized in the 
midgut in both the mosquito and the stable fly. Current­
ly-accepted theories of the formation of an enzyme-sub- 
strate complex imply a rather intimate combination between 
molecules of the enzyme and the substrate, and in the case 
of the mosquito, the sudden admission of a large volume
(68)
of blood substrate directly into the region where the en­
zymes are localized conceivably could produce this ''de­
pletion effect11'. On the other hand, the mechanism in 
the stable fly regulating admission of blood to the mid­
gut is such that only a comparatively small part of the 
total volume of ingested blood would reach the midgut in 
the initial five-minute period. This relatively small 
amount of substrate might not be sufficient to produce a 
noticeable 1'depletion effect1', especially in view of the 
fact that enzyme secretion might increase, even in this 
short time, to the point where it would counterbalance a 
small initial depletion. In any event, no significant 
drop in proteolytic activity five minutes after a blood 
meal was observed in these experiments on the stable fly.
The experimental establishment of a maximum of protease 
activity at about 13 hours apparently would contradict the 
statement of Metcalf and Flint (19f?l) that ''a single stable 
fly feeds several times a day, taking a drop or two of blood 
each time''. On the basis of observed results, it would 
seem that two feedings per day would be a maximum. At the 
end of 2I4. hours, a very small amount of blood remains in 
the gut, but it is nevertheless present. It is dark in 
color and almost rubbery in consistency. Under laboratory 
conditions, absolute digestion of a blood meal would re­
quire a little more than 2I4. hours.
It should be noted that the statement of Metcalf and
(69)
Flint, mentioned above, pertains to stable flies living 
under natural conditions, while the statements of the auth­
or pertain to flies living under laboratory conditions.
Wild flies undoubtedly are more active than flies in lab­
oratory cages, and probably digestion proceeds more rapid­
ly in the former. In addition, Fisk (19!?0) observed that 
the physical nature of the blood (ingested) may be a factor
in digestive efficiency. All blood used in the laboratory
was treated with sodium citrate to prevent coagulation, 
and this may slow down the overall digestive rate, es­
pecially if coagulation is a normal digestive phenomenon, 
which would appear to be the case in the stable fly, as 
indicated by the rubbery consistency of the blood in the 
gut at the end of 2I4. hours. Some insects secrete salivary 
anti-coagulins which would tend to neutralize the discrep­
ancy just noted, but according to Cornwall and Patton 
(191^), such a salivary anti-coagulln is absent in Stomoxys, 
In view of the different environments occupied by 
wild flies and laboratory flies, as well as the differing
foods they ingest, the statement of Metcalf and Flint may
not be incorrect, especially when judged on laboratory 
observations.
Protease Activity as Related to Food 
It was originally planned that a similar series of 
tests would be run using flies which had fed upon skimmed
(7 0 )
milk* As mentioned later in the section dealing with feed­
ing and nutrition, all attempts to obtain predictable feed­
ing responses failed completely when skimmed milk was 
offered as food.
Since the ingestion of food stimulates the production 
of all enzymes normally found, rather than one specific en­
zyme, the tests were designed to check the effect of the in­
gestion of a non-proteinaceous substrate, sucrose, on pro­
tease activity.
Plies were allowed to digest a meal of 5 Per cent su­
crose solution for various intervals of time as set forth 
in Table 21.
Breis were made up and tested on three different days 
as described in the preceding section relating to time.
This provided six replicates. Results are given in Table 
21 and Figure 7*
Table 21
Colorimeter readings obtained in tests 
for protease activity in 
sucrose-fed flies
Time of 
digestion
Low
reading
High
reading Average
Corrected
average
Unfed i[2 43 21
5 min. k2 45 43.16 21.16
30 min. 44
&
46 45
3^.161 hr. 58 56.16
2 hr. 49 5° 28
4 hr. 43 46 45*67 23.67
0 hr. 45 4-7 46.16 24.16
16 hr. & 47 46 242I4. hr. 42 45 44*33 22.33
blank 21 23 22 0
(71)
These data show a slight initial increase in protease 
activity during the first hour, after which the activity 
declines and remains close to the value obtained using 
unfed flies. The general pattern of activity is similar 
to that obtained by Fisk and Shambaugh (1952), although 
they cite 30 minutes as the time at which peak activity 
occurred. They do not present data for 1-hour and 2-hour 
insects. According to Table 21 maximum protease activity 
occurs in the midgut of the stable fly about 1 hour after 
a sucrose meal.
Motes on Nutrition
While a study of the comparative nutritional values 
of various foods was not the purpose of this paper, a few 
test cages were set up containing flies and a dish of one 
of several foods or xvater. The effect of these materials 
on the longevity of the flies was noted, as well as their 
effect on oviposition.
About 200 flies were allowed to emerge from puparia 
placed in a holding cage containing a dish of a given 
food, as outlined in a table which follows. The food was 
poured over a l/lp’ 1 layer of cotton which covered the 
bottom of a plastic dish about I4. inches in diameter and 1 
inch deep. The dishes were removed daily, the cotton was 
changed, and the dishes were cleaned. New cotton and fresh 
food of the same kind were put in and the dishes replaced
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In the cage. The entire cage, Including the surface of 
the food dish, was examined carefully each day for the 
presence of eggs.
Since the flies had been reared routinely on citrated 
blood, only one cage containing this food was set up.
Pour cages (replicates) of the other materials were used. 
All cages were held at room temperature, which was about 
25° C.
The following table summarizes the observations made 
in these tests. All figures refer to the number of the 
day, calculated from the day on which the cage was set up, 
on which the event occurred.
Table 22 
Effect of foods on longevity 
and oviposition
Material 50% mortality 100$ mortality Oviposition
No food or Ha0 2 3 No
Water only 2.5 3.5 No
Skimmed milk 5 7 No
5$ sucrose 9 13 No
Blood 31 Yes
Discussion
These tests began with an observation made rather 
late in the course of the study. At that time, attempts 
were made to feed flies on artificial substrates in order 
that their ability to stimulate enzyme production might 
be evaluated. Among the artificial substrates chosen was 
skimmed milk. Attempts to feed flies on this material
(73)
failed completely. After alighting on the cotton in the 
feeding dish and giving it a couple of exploratory probes 
with their beaks, the flies left without feeding. Even 
when the routine starvation period was increased from the 
usual I8-2I4. hours to 36 hours, no appreciable degree of 
feeding was noted. Examination of several hundred flies 
failed to produce sufficient fed flies to make an analyt­
ical run. The table makes it evident that at least a small 
degree of feeding must have taken place, since the flies 
lived about three times as long as flies having no food 
or water, and about twice as long as those flies with 
water alone.. It seemed to the writer that skimmed milk 
would have been a rather complete food, if the flies had 
ingested it, and probably would have increased their life­
span considerably. However, skimmed milk actually seemed 
to be repellent to the flies.
The flies which were fed on sucrose solution lived 
almost I4. l/2 times as long as those with no food or water, 
and about i| times as long as those on water alone. The 
flies fed readily upon this material.
The increase in longevity of the sucrose-fed flies 
supports the experimental finding of an invertase. If 
such an enzyme were not present, these flies should have 
died at about the same time as those on water alone. It 
is worth noting that sucrose contains no nitrogen, and, 
for this reason, cannot be, by itself, a starting material
( 7 U
in protein synthesis. Since nitrogen is constantly being 
excreted in wastes, a deficiency of this element will occur 
if none is ingested. If such a deficiency exists, syn­
thesis of essential amino acids in necessary quantities 
cannot occur, and the flies will die. It is probable that 
such a deficiency had an effect in the test cages under 
discussion.
When the flies fed on blood, their natural food, 
longevity increased markedly. Complete mortality did not 
occur until the I|.8th day. Blood, the solids of which are 
mostly proteinaceous, furnishes the starting materials in 
the synthesis of carbohydrates, fats, and proteins, and is, 
in this sense, a complete food.
These tests began with one cage set up with each ma­
terial listed. On the 11th day, the presence of eggs on 
the floor of the sucrose cage was noticed. Only a few 
eggs were found in the food dish. In view of the fact 
that past experience has shown that stable flies oviposit 
in moist spots, if one is available, the discovery of 
eggs on the dry cage floor, rather than in the moist food 
dish, seemed incongruous. The writer felt that the eggs 
were accidentally introduced into the cage, since a blood- 
cage had been stacked near the sucrose—cage in. order to 
save desk space.
For this reason, the cages containing foods other 
than blood were replicated three times and they were segre-
(75)
gated into groups which were isolated. Since oviposition 
in the breeding culture had been occurring on damp cell­
ulose sponges, such sponges were placed in each of the 
sucrose cages and checked daily for the presence of eggs.
No eggs were found in any of these replicates of sucrose, 
and this tends to confirm the theory of accidental con­
tamination of the original sucrose cage.
Eggs began to appear in the blood dish on the seventh 
day after the cage was set up. They were deposited chiefly 
on the surface of the blood-soaked cotton. Egg production 
continued at a high level until the 28th day,, at which 
time a gradual decrease began.
Prom the results of these limited tests it would ap­
pear that the statement of almost every previous author, 
to the effect that at least one blood meal must precede 
oviposition in this species, is correct. At the present 
time, a research project which is rearing Aedes mosquitoes 
in this Department has begun to obtain viable eggs when 
the mosquitoes are reared on foods other than blood. It 
may be that oviposition in Stomoxys might occur if the 
flies were fed upon some proteinaceous material (other 
than blood) which would be ingested readily.
(76)
SUMMARY
A method for mass-feeding stable flies has been des­
cribed.
The construction of a device used in repetitive 
measurements and transfer of small volumes of liquids 
has been described and figured.
A qualitative survey of the digestive enzymes was 
made. The site of their secretion was determined.
A weak amylase was found to be present, being se­
creted by the salivary glands. The test used was the 
disappearance of starch substrate, aliquots being test­
ed with Is solution.
An invertase was found to be present, being secreted 
in the midgut. The test used was the appearance of re­
ducing sugars resulting from the hydrolysis of non-reduc­
ing sucrose. An arseno-molybdic acid reagent was used 
in testing the salivary glands.
Tests for the presence of lactase were negative.
The results were judged upon the non-appearance of ga­
lactose and glucose as end products of an enzymatic hy­
drolysis of lactose. All osazones formed in phenylhydra- 
zine tests were examined microscopically in order to 
determine their identity by crystal structure.
Tests for a pepsin-like protease were negative. The 
test used was the hydrolysis of azoalbumin substrate in­
cubated at ten pH values between pH 1.2 and 3*0•
(77)
A lipase was found to be present, being secreted in 
the midgut. The test used was the appearance of fatty 
acids in an olive oil emulsion. Bromthymol blue indi­
cator was used.
A trypsin-like protease was found to be present, 
being secreted in the midgut. The test used was the 
hydrolysis of azocasein substrate incubated at pH 7*8*
The pH optimum for the hydrolysis of azoalbumin by 
stable fly trypsin was determined as being pH 7»9»
The pH optimum for the hydrolysis of azocasein by 
stable fly trypsin was determined as being pH
Protease activity was related to time of digestion 
following a blood meal, and maximum activity was deter­
mined as occurring at about 13 hours.
The stimulatory effect of the ingestion of a non- 
proteinaceous food (sucrose) upon protease activity was 
studied. It provided a brief, transient increase in pro­
tease activity, but the activity never approached that 
obtained from stable flies feeding upon their natural, 
proteinaceous food, blood* Following this brief period 
of slightly increased protease activity, values declined 
and remained at about the value obtained from unfed flies.
Notes on the effect of various foods on longevity of 
stable flies and their effect on oviposition were made.
(78)
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